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(54) Scintillators

(57) An apparatus comprising: a scintillator arrange-
ment comprising: a plurality of optically isolated scintilla-
tors that extend lengthwise along a plurality of respective
parallel axes and define respective scintillation channels,
wherein each of the optically isolated scintillators extends
lengthwise between an input interface and an output in-
terface and is arranged to receive higher energy photons

at the input interface, to convert high energy photons to
lower energy photons, and to output lower energy pho-
tons from the output interface in a respective scintillation
channel, wherein the optical isolation reduces transmis-
sion of lower energy photons between scintillation chan-
nels.

210
2

220 LYA < L s ) fo 241

) > ‘?V =270 - . [ ‘// —930 -
320 -

\—————-—ﬁ T =170~ A -79
) T 7y °-
%'L’L 1 240 Z‘f’L

F'i) 4

Printed by Jouve, 75001 PARIS (FR)



1 EP 3 048 459 A1 2

Description
TECHNOLOGICAL FIELD

[0001] Embodiments of the present invention relate to
scintillators. In particular, they relate to scintillators for
medical imaging.

BACKGROUND

[0002] Radiation such as, for example, x-rays after
passing through a target may be converted to visible light
by scintillators. The visible light may then be imaged us-
ing a camera.

[0003] The scintillation process generates the visible
light isotropically. Therefore thin scintillators must be
used if blur of the imaged target is to be avoided and high
quality images obtained. However, the use of thin scin-
tillators reduces the conversion efficiency of x-rays to vis-
ible light meaning that larger x-ray doses are required.

BRIEF SUMMARY

[0004] It would be desirable to achieve high quality im-
ages at lower radiation doses.

[0005] According to various, but not necessarily all,
embodiments of the invention there is provided an appa-
ratus comprising: a scintillator arrangement comprising:

aplurality of optically isolated scintillators that extend
lengthwise along a plurality of respective parallel ax-
es and define respective scintillation channels,
wherein each of the optically isolated scintillators ex-
tends lengthwise between an input interface and
an output interface and is arranged to receive higher
energy photons atthe inputinterface , to converthigh
energy photons to lower energy photons, and to out-
put lower energy photons from the output interface
in a respective scintillation channel,

wherein the optical isolation reduces transmission
of lower energy photons between scintillation chan-
nels.

[0006] Some orallof the following may also be features
of the apparatus:

the optical isolation reduces transmission of the low-
er energy photons between optically isolated scintil-
lators;

optical isolation of adjacent scintillators defines spa-
tially resolved, independent scintillation channels,
the optical isolation reducing cross-talk between the
spatially resolved, independent scintillation chan-
nels;

the scintillator arrangement further comprises an
amplifier arrangement configured to increase a ratio
of a number of low energy photons output from the
output interface to a number of high energy photons
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received at the input interface;

the amplifier arrangement is configured to output
lower energy photons predominantly from the output
interface by re-directing lower energy photons;

the amplifier arrangement provides the optical iso-
lation of the optically isolated scintillators;

each optically isolated scintillator comprises a com-
bination of a scintillator and a light guide;

the light guide comprises as a core and a clad,
wherein the core provides a scintillator and the clad
is configured to reflect lower energy photons;

the clad is in material that reflects light or a material
with a lower electrical permittivity than the core;
each optically isolated scintillator is an optical fiber
comprising scintillation material; each optically iso-
lated scintillator comprises at the input interface a
reflector configured to reflect lower energy photons
towards the output interface;

each optically isolated scintillator is elongate having
a length and a width, the length being at least 100
times larger than the width;

the plurality of optically isolated scintillators are
packed with a density of greater than 10,000 optically
isolated scintillators per square centimeter.

[0007] According to various, but not necessarily all,
embodiments of the invention there is provided a colli-
mated radiation source comprising:

one or more radiation sources for producing high en-
ergy photons; and

a collimated high energy photon guide comprising a
plurality of parallel, elongate apertures through a
shielding layer that absorbs high energy photons.

[0008] Some orall ofthe following may also be features
of the collimated radiation source: the parallel, elongate
apertures are arranged in a regular array such that the
spacing between adjacent ones of the plurality of parallel,
elongate apertures is constant;

the plurality of parallel, elongate apertures are pro-
vided by micro-channels through the shielding layer;
the shielding layer has a thickness, in direction of
the collimated photons, of at least 1cm;

each of the plurality of parallel, elongate apertures
has the same aperture dimensions, wherein a max-
imum aperture dimension of an aperture does not
exceed 100 micrometers;

the shielding layer is part of a radiation shield that
surrounds the one or more radiation sources and
absorbs high energy photons;

the one or more radiation sources comprise a radi-
oactive isotope for producing x-rays.

[0009] According to various, but not necessarily all,
embodiments of the invention there is provided a system
comprising:
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a collimated radiation source configured to provide
high energy photons along a plurality of parallel high
energy photon paths; and

a scintillator arrangement comprising a plurality of
optically isolated scintillators arranged in parallel
along parallel axes.

[0010] Someorallof the following may also be features
of the system:

the plurality of optically isolated scintillators are con-
figured to convert received high energy photons to
lower energy photons concentrated along the paral-
lel axes;

the system further comprising an alignment mecha-
nism configured to align at least some of the parallel
axes and at least some of the parallel high energy
photon paths such that high energy photons enter
the optically isolated scintillators along the parallel
axes. the alignment mechanismis configured to align
each of the plurality of parallel axes with a respective
one of the parallel high energy photon paths;

the system further comprising a plurality of detectors
configured to detect lower energy photons produced
by the optically isolated scintillators;

the system further comprising an alignment mecha-
nism configured to enable alignment of the parallel
high energy photon paths, the parallel axes of the
scintillator arrangement and detectors;

the alignment mechanism comprises a feedback
mechanism configured to process an outputfrom the
detectors to control alignment of the parallel high en-
ergy photon paths, the parallel axes of the scintillator
arrangement and the detectors;

the feedback mechanism is configured to optimize
the sharpness of animage detected by the detectors.
the apparatus further comprising an imaging mech-
anism configured to enable relative movementofone
or both of the collimated radiation source and the
scintillator arrangement relative to a target;

the imaging mechanism is configured to move the
collimated radiation source and the scintillator ar-
rangement around the target so that the target is
imaged from different orientations;

the imaging mechanism is configured to move at
least the collimated radiation source in a rectilinear
direction parallel to an imaging plane;

the system is configured for high resolution, low-
dose medical imaging.

[0011] According to various, but not necessarily all,
embodiments of the invention there is provided a medical
imaging method comprising:

producing streams of high energy photons along a
plurality of parallel high energy photon paths through
a target;

aligning a plurality of optically independent scintilla-
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tors with high energy photon paths, wherein the plu-
rality of optically independent scintillators convert the
high energy photons to lower energy photons con-
strained to parallel low energy photon paths; and
detecting the lower energy photons along the parallel
low energy photon paths to define an image of the
target.

[0012] According to various, but not necessarily all,
embodiments of the invention there is provided examples
as claimed in the appended claims.

BRIEF DESCRIPTION

[0013] For abetter understanding of various examples
that are useful for understanding the brief description,
reference will now be made by way of example only to
the accompanying drawings in which:

Fig 1 illustrates an example of a system comprising
a collimated radiation source and a scintillator ar-
rangement;

Fig 2 illustrates an example of a collimated high en-
ergy photon guide for a radiation source;

Fig 3 illustrates an example of the collimated radia-
tion source comprising a collimated high energy pho-
ton guide;

Fig 4 illustrates an example of a scintillator arrange-
ment comprising a plurality of optically isolated scin-
tillators;

Fig 5 illustrates an example of an optically isolated
scintillator comprising a combination of a scintillator
and a light guide;

Fig6illustrates an example of the system comprising
an alignment mechanism and feedback mechanism;
Fig 7 illustrates an example of the system after align-
ment;

Fig 8 illustrates an example of the system after align-
ment, where the detectors are integrated to the scin-
tillator arrangement;

Figs 9 and 10 illustrate different examples of a sys-
tem comprising an imaging mechanism configured
to enable movement of one or both of the collimated
radiation source and the scintillator arrangement rel-
ative to the target; and

Fig 11 illustrates an example of a method.

DETAILED DESCRIPTION

[0014] Fig 1 illustrates an example of a system 100
comprising a collimated radiation source 300 and a scin-
tillator arrangement 210. The radiation source 300 pro-
vides high energy photons 322 to the scintillator arrange-
ment 210. A target 600 is placed between the collimated
radiation source at 300 and the scintillator arrangement
210. The high energy photons 322, whether or not they
have passed through the target 600, are received at the
scintillator arrangement 210. The scintillator arrange-
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ment 210 converts the received high energy photons 322
to lower energy photons which are detected by detectors.
If the target 600 differentially absorbs the high energy
photons 322, then the detectors 400 will differentially de-
tect the lower energy photons 242.

[0015] The collimated radiation source 300 is config-
ured to provide high energy photons 322 along a plurality
of parallel high energy photon paths 320. The scintillator
arrangement 210 comprises a plurality of optically isolat-
ed scintillators 220 arranged in parallel along parallel ax-
es 240. The plurality of optically isolated scintillators 220
are configured to convert received high energy photons
322 to lower energy photons 242 concentrated along the
parallel axis 240.

[0016] The collimated radiation source 300 comprises
one or more radiation sources 310 for producing high
energy photons 322 and a collimated high energy photon
guide 320 that directs the produced high energy photons
322 along the plurality of parallel high energy photon
paths 320.

[0017] Fig 2 illustrates an example of a collimated high
energy photon guide 350. This collimated high energy
photon guide 350 comprises a plurality of parallel, elon-
gate apertures 332 through a shielding layer 330 that
absorbs high energy photons 322. The thickness T of the
shielding layer 330 is large compared to the aperture
dimensions A and the collimated high energy photon
guide 350 therefore absorbs high energy photons 322
that are not parallel to the plurality of parallel high energy
photon paths 320 aligned with the plurality of parallel,
elongate apertures 332.

[0018] Inthe example illustrated, the plurality of paral-
lel, elongate apertures 332 are formed by creating micro-
channels 334 through the shielding layer 330. The shield-
ing layer 330 may have a thickness T of several centim-
eters and the apertures 332 defined by the micro-chan-
nels 334 may have the same common aperture dimen-
sion A that does not exceed 100 micrometers. It will there-
fore be appreciated that the aspect ratio of the micro-
channel 334 has a ratio of length T to width A of at least
100:1 and that the plurality of the parallel high energy
photon paths 320 may not be exactly parallel, but are
parallel within the tolerance defined by the aspect ratio.
[0019] In the example of Fig 2, the parallel, elongate
apertures 332 are arranged as a regular array having
apertures 322 distributed both height-wise and width-
wise. The array may be regular, in that the spacings be-
tween adjacent apertures 332 is constant throughout the
array.

[0020] Fig 3 illustrates an example of the collimated
radiation source 300 in which the collimated high energy
photon guide 350, illustrated in Fig 2 is integrated within
a shield 340. In this example the shielding layer 330 of
the collimated high energy guide 350 is part of a radiation
shield 340 that surrounds the one or more radiation
sources 310. The shielding layer 330 and the radiation
shield 340 may be formed from lead (or any heavier metal
alloy or composite mixtures) and may be a single com-
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ponent or multiple components.

[0021] The one or more radiation sources 310 may, for
example, produce x-rays. For example the radiation
source 310 may be a radioactive foil and it may be, for
example, formed from 241Am, 60Co, 137Cs, 252Cf,
152Eu, 90Sr or another radioisotope.

[0022] Fig 4 illustrates an example of a scintillator ar-
rangement 210 comprising a plurality of optically isolated
scintillators 220. The plurality of optically isolated scintil-
lators 220 extend lengthwise along a plurality of respec-
tive parallel axes 240 and define respective scintillation
channels 230. Each optically isolated scintillator 220 ex-
tends lengthwise between an input interface 252 and an
output interface 254 and is arranged to receive high en-
ergy photons 322 travelling along the high energy photon
path 320 atthe inputinterface 252, to convert high energy
photons 322 to lower energy photons 242 and to output
lower energy photons 242 from the output interface 254
in a respective scintillation channel 230.

[0023] The optical isolation of the optically isolated
scintillators 220 reduces transmission of lower energy
photons 242 between scintillation channels 230 by re-
ducing transmission of lower energy photons 242 be-
tween the optically isolated scintillators 220. The optical
isolation of adjacent optically isolated scintillators 220
defines spatially resolved, independent scintillation
channels 230 and the optical isolation reduces cross-talk
between the scintillation channels 230. This therefore im-
proves the signal to noise ratio of the scintillation chan-
nels 230 meaning that a lower radiation dose (less high
energy photons 322) needs to be applied to the target
600 as illustrated in Fig 1.

[0024] The signaltonoiseratio can be furtherimproved
by increasing the length L of the optically isolated scin-
tillators 220 such that the probability of converting an
incident high energy photon 322 to alower energy photon
242 is significantly increased.

[0025] Theabsolute signalto noise detection efficiency
and signal to noise ratio may be further increased, as
described in more detail below, by redirecting lower en-
ergy photons 242 such that they preferentially exit the
optically isolated scintillator 220 via the output interface
254. Significant improvements in absolute detection ef-
ficiency directly decrease the required patient irradiation
dose.

[0026] The optical isolation reduces transmission of
lower energy photons 242 between the optically isolated
scintillators 220. Fig 5 illustrates an example of an opti-
cally isolated scintillator 220 that comprises an amplifier
arrangement designed to increase a signal to noise ratio
of the scintillation channel 230 by increasing the optical
gain. This is achieved by increasing the ratio of the
number of lower energy photons 242 output by the output
interface 254 divided by the number of high energy pho-
tons 322 received atthe input interface 252 by redirecting
lower energy photons 242. As a consequence, the opti-
cally isolated scintillator 220 outputs lower energy pho-
tons 242 predominantly from the output interface 254.
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[0027] The amplifier arrangement in this example pro-
vides the optical isolation of the optically isolated scintil-
lators 220 by redirecting the lower energy photons 242.
An alternative to redirection of lower energy photons 242
to achieve optical isolation may be absorbing the lower
energy photons 242.

[0028] In the example of Fig 5, the optically isolated
scintillator 220 comprises a combination of a scintillator
222 and alight guide 224. The light guide 224 comprises
acore 226 and a clad 228. The core 226 is the scintillator
222 and the clad 228 reflects incident lower energy pho-
tons 242.

[0029] In some, but not necessarily all embodiments,
the clad 228 may be formed from a reflective material
that reflects the lower energy photons 242 irrespective
of the angle of incidence.

[0030] In some, but not necessarily all embodiments,
the clad 228 may be formed from a material with a lower
electrical permittivity than the core 226. In this example,
the reflection of light occurs by total internal reflection
and is therefore dependent on the angle of incidence.
[0031] The scintillator 222 may be a optical fiber com-
prising scintillation material. Such optical fibers may be,
for example, formed by a micro-pulling down technique.
This method can produce fibers made of glass scintillator,
polymer-plastic scintillator or another crystal type scintil-
lators. A small seed crystal is contacted with the melt,
including scintillating material, formed in a crucible. Ex-
amples of scintillating materials include, but are not lim-
ited to, thallium doped cesium iodide and gadolinium ox-
ysulfide. The seed crystal is then pulled downward at a
constant rate to produce an elongate fiber-shaped single
crystal. The pulling rate in the case of glass is about
0.5mm perminute and itmay be pulled to lengths of great-
er than 1 meter. The produced fibers can then be used
as scintillators 222 and they may be custom clad to create
optically isolated scintillators 220. They may then be bun-
dled to create the scintillator arrangement 210.

[0032] Another methods for realizing the fiber-shaped
elongated single crystal scintillators may exploit CVD
(Chemical vapor deposition) ora DVD (Direct Vapor Dep-
osition) techniques depending on the total length of the
fibers required. In typical CVD, the substrate is exposed
to one or more volatile precursors, which react and/or
decompose on the substrate surface to produce the de-
sired deposit.

The DVD is an advanced approach for vapor depositing
high quality materials. This process is capable of depos-
iting structurally controlled crystalline or porous multilay-
ers of complex components. The DVD precisely controls
the transport of vapor atoms from the source to a sub-
strate. To achieve this, DVD might utilizes a transsonic
gas jet to direct a thermally evaporated vapor cloud onto
a substrate. The DVD approach directs the evaporants
onto a substrate allowing high deposition rates and less
material waste.

[0033] Referring back to Fig 5, each optically isolated
scintillator 220 comprises, at the input interface 252, a
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reflector 240 configured to reflect lower energy photons
242 towards the output interface 254. The reflector 240
is also configured to enable the high energy photons 322
to enter the optically isolated scintillator 220 via the input
interface 252. The reflector 240 increases the optical gain
of the optically isolated scintillator 220 and it should be
appreciated that such a reflector 240 may be used on
any optically isolated scintillator 220 and its use is not
confined to the particular optically isolated scintillator 220
illustrated in Fig 5.

[0034] The optically isolated scintillator 220, as illus-
trated in Figs 1, 4 and 5, is elongate. Referring to Fig 4,
the length of the optically isolated scintillator 220 is indi-
cated by L and its width is indicated by W. An optically
isolated scintillator 220 may have a length to width ratio
that is greater than 100. For example, the length L may
be greater than 10mm and its width may be of the order
of 10’s of micrometers such as for example 20 microm-
eters. When such optically isolated scintillators 220 are
bundled to form a scintillator arrangement 210, if the op-
tically isolated scintillators 220 have a width of 20 mi-
crometers then they may be packed with a resolution
significantly greater than 100 pixels per centimeter. It will
therefore be appreciated that the packing density of the
bundled optically isolated scintillators 220 may well be
significantly in excess of 10,000 optically isolated scintil-
lators 220 per square centimeter. It will therefore be ap-
preciative that scintillator arrangement 210 is capable of
producing high resolution imaging.

[0035] The parallel axis 240 may be curved or rectilin-
ear. Where they are rectilinear, the input interface 252
receives high energy photons 322 from a first direction
along respective parallel axis 240. The corresponding
output interface 254 outputs lower energy photons 242
predominantly in the first direction along the respective
parallel axes 240.

[0036] Fig 6 illustrates an example of the system 100
illustrated in Fig 1. The system comprises a collimated
radiation source 300 and a scintillator arrangement 210.
In use, detectors 400 will also be present. In some ex-
amples, the detectors 400 are integrated with the scintil-
lator arrangement 210 and in other examples the detec-
tors 400 are provided separately to the scintillator ar-
rangement 210.

[0037] In this example, the system 100 comprises an
alignment mechanism 510 configured to align parallel
axes 240 and parallel high energy photon paths 320 such
that high energy photons 322 enter an optically isolated
scintillator 220 along a parallel axis 240. Fig 6 illustrates
the situation when there is mis-alignment and Fig 7 illus-
trates the situation when alignment has been achieved.
[0038] The alignment mechanism 510 may enable the
movement one or both of the collimated radiation source
300 and the scintillator arrangement 210 in orthogonal
directions (x, y) within a plane that is normal (perpendic-
ular) to a virtual line (z) that runs between the collimated
radiation source 300 and the scintillator arrangement210
via the target 600. Such mechanism exist, for example,
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for aligning microscope stages with a microscope lens.
The alignment mechanism 510 may be controlled man-
ually or automatically by for example a computer or con-
troller.

[0039] The alignment mechanism 510 may be config-
ured to align one of the plurality parallel axis 240 and a
respective one of the plurality parallel high energy photon
paths 320.

[0040] A feedback mechanism 520 may be configured
to process output from the detectors 400 to control the
alignment mechanism of 510. For example, the feedback
mechanism 520 may optimize the sharpness of animage
detected the detectors 400. That is, the scintillator ar-
rangement 210 and the collimated radiation source 300
are moved relative to each other until minimum blur and
maximum sharpness are obtained. The algorithms used
for auto-focusing a digital camera may, for example, be
used to control the alignment mechanism 510.

[0041] The detectors 400 are configured to detect low
energy photons 242 produced by the optically isolated
scintillators 220. The detectors 400 may, for example, be
photo diodes, photo transistors other forms of photon de-
tectors such as a charge couple device (CCD) image
sensor or a complimentary metal oxide semiconductor
(CMOS) image sensor..

[0042] The detectors 400 may be configured to detect
visible light and/or infrared light if the low energy photons
242 are in this wavelength range.

[0043] Fig8illustrates an example where the detectors
400 are integrated to the scintillator arrangement 210. In
this example each detector 400 is aligned with a parallel
axis 240 such that a detector 400 detects an output from
only the aligned optically isolated scintillator 220. Each
detector therefore detects a single scintillation channel
230. In this situation the alignment of the detectors 400
and the scintillator arrangement 210 is guaranteed.
[0044] Where the detectors 400 are supplied separate-
ly to the scintillator arrangement 210, there may be a
calibration process required to align not only the scintil-
lator arrangement 210 and the collimated radiation
source 300 but to align the scintillator arrangement 210,
the collimated radiation source 300 and the detectors
400. The calibration process may be automated.
[0045] Figs 9 and 10 illustrate different examples of a
system 100 as previously described additionally compris-
ing an imaging mechanism 530 configured to enable rel-
ative movement of one or both of the collimated radiation
source 300 and the scintillator arrangement 210 relative
to the target 600.

[0046] In the example of Fig 9, both the collimated ra-
diation source 300 and the scintillator arrangement 210
are moved around the target 600 so that the target 600
is imaged from different orientations. The collimated ra-
diation source 300 and the scintillator arrangement 210
are moved such that the target 600 remains between
them.

[0047] In the example of Fig 10, the imaging mecha-
nism 530 moves the collimated radiation source 300
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and/or the scintillator arrangement 210 relative to the tar-
get 600. In the example illustrated both the scintillator
arrangement 210 and the collimated radiation source 300
are moved in parallel.

[0048] Fig 11 illustrates a method 700 comprising pro-
ducing parallel high energy photon streams (block 702),
converting high energy photons 322 to lower energy pho-
tons 242 and constraining the lower energy photons 242
to parallel paths (block 704), and detecting lower energy
photons along the parallel paths (block 706).

[0049] From the foregoing description it will be appre-
ciated that the system 100 has particular application, but
is not limited to, medical imaging. Medical imaging refers
to the imaging of a target which is a living animal or per-
son. In such circumstances it may be desirable to reduce,
minimize or control the radiation dose received by the
target 600. The embodiments of the invention described
above provide a system 100 with increased signal to
noise ratio, this facilitates the use of lower radiation doses
at the target 600.

[0050] The term 'comprise’ is used in this document
with an inclusive not an exclusive meaning. That is any
reference to X comprising Y indicates that X may com-
prise only one Y or may comprise more than one Y. If it
is intended to use 'comprise’ with an exclusive meaning
then it will be made clear in the context by referring to
"comprising only one.." or by using "consisting".

[0051] In this brief description, reference has been
made to various examples. The description of features
or functions in relation to an example indicates that those
features or functions are present in that example. The
use of the term ’example’ or 'for example’ or ‘'may’ in the
text denotes, whether explicitly stated or not, that such
features or functions are present in at least the described
example, whether described as an example or not, and
thatthey can be, but are not necessarily, presentin some
of or all other examples. Thus ‘example’, 'for example’
or ‘'may’ refers to a particular instance in a class of ex-
amples. A property of the instance can be a property of
only that instance or a property of the class or a property
of a sub-class of the class that includes some but not all
of the instances in the class. It is therefore implicitly dis-
closed that features described with reference to one ex-
ample but not with reference to another example, can
where possible be used in that other example but does
not necessarily have to be used in that other example.
[0052] Although embodiments of the presentinvention
have been described in the preceding paragraphs with
reference to various examples, it should be appreciated
that modifications to the examples given can be made
without departing from the scope of the invention as
claimed.

[0053] Features described inthe preceding description
may be used in combinations other than the combina-
tions explicitly described.

[0054] Although functions have been described with
reference to certain features, those functions may be per-
formable by other features whether described or not.
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[0055] Althoughfeatureshave been described with ref-
erence to certain embodiments, those features may also
be present in other embodiments whether described or
not.

[0056] Whilst endeavoring in the foregoing specifica-
tion to draw attention to those features of the invention
believed to be of particular importance it should be un-
derstood that the Applicant claims protection in respect
of any patentable feature or combination offeatures here-
inbefore referred to and/or shown in the drawings wheth-
er or not particular emphasis has been placed thereon.

Claims
1. An apparatus comprising:
a scintillator arrangement comprising:

a plurality of optically isolated scintillators
that extend lengthwise along a plurality of
respective parallel axes and define respec-
tive scintillation channels, wherein each of
the optically isolated scintillators extends
lengthwise between an input interface and
an output interface and is arranged to re-
ceive higher energy photons at the input
interface , to convert high energy photons
tolower energy photons, and to output lower
energy photons from the output interface in
a respective scintillation channel, wherein
the optical isolation reduces transmission
of lower energy photons between scintilla-
tion channels.

2. Anapparatus as claimed in claim 1, wherein the op-
tical isolation reduces transmission of the lower en-
ergy photons between optically isolated scintillators
and/or wherein optical isolation of adjacent scintilla-
tors defines spatially resolved, independent scintil-
lation channels, the optical isolation reducing cross-
talk between the spatially resolved, independent
scintillation channels.

3. An apparatus as claimed in any preceding claim,
wherein the scintillator arrangement further compris-
es an amplifier arrangement configured to increase
a ratio of a number of low energy photons output
from the output interface to a number of high energy
photons received at the input interface.

4. Anapparatus as claimed in claim 3, wherein the am-
plifier arrangement is configured to output lower en-
ergy photons predominantly from the output inter-
face by re-directing lower energy photons and/or
wherein the amplifier arrangement provides the op-
tical isolation of the optically isolated scintillators.
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5. An apparatus as claimed in any preceding claim,
wherein each optically isolated scintillator comprises
a combination of a scintillator and a light guide
wherein the light guide comprises as a core and a
clad, wherein the core provides a scintillator and the
clad is configured to reflect lower energy photons.

6. Anapparatus as claimed in claim 5, wherein the clad
is in material that reflects light or a material with a
lower electrical permittivity than the core.

7. An apparatus as claimed in any preceding claim,
wherein each optically isolated scintillator is an op-
tical fiber comprising scintillation material.

8. An apparatus as claimed in any preceding claim,
wherein each optically isolated scintillator comprises
at the input interface a reflector configured to reflect
lower energy photons towards the output interface.

9. An apparatus as claimed in any preceding claim,
wherein each optically isolated scintillator is elon-
gate having a length and a width, the length being
at least 100 times larger than the width.

10. An apparatus as claimed in any preceding claim,
wherein the plurality of optically isolated scintillators
are packed with a density of greater than 10,000 op-
tically isolated scintillators per square centimeter.

11. A collimated radiation source comprising:

one or more radiation sources for producing high
energy photons; and

a collimated high energy photon guide compris-
ing a plurality of parallel, elongate apertures
through a shielding layer that absorbs high en-
ergy photons.

12. A system comprising:

a collimated radiation source configured to pro-
vide high energy photons along a plurality of par-
allel high energy photon paths; and

a scintillator arrangement comprising a plurality
of optically isolated scintillators arranged in par-
allel along parallel axes.

13. A system as claimed in claim 12, further comprising
an alignment mechanism configured to align at least
some of the parallel axes and at least some of the
parallel high energy photon paths such that high en-
ergy photons enter the optically isolated scintillators
along the parallel axes.

14. A system as claimed in claim 12 or 13, wherein the
alignment mechanism comprises a feedback mech-
anism configured to process an output from the de-
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tectors to control alignment of the parallel high en-
ergy photon paths, the parallel axes of the scintillator
arrangement and the detectors.

15. A medical imaging method comprising: 5

producing streams of high energy photons along

a plurality of parallel high energy photon paths
through a target;

aligning a plurality of optically independent scin- 70
tillators with high energy photon paths, wherein

the plurality of optically independent scintillators
convert the high energy photons to lower energy
photons constrained to parallel low energy pho-

ton paths; and 15
detecting the lower energy photons along the
parallel low energy photon paths to define an
image of the target.
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